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ABSTRACT

Objective: To explore factors throughout the lifespan that influence cognition in midlife to late life.

Methods: We conducted a retrospective birth cohort study of 2,062 individuals born during
1921–1954 in Beijing, China. In 2003–2005, birth records were abstracted, and participants
then 50 – 82 years old received standardized examinations for health, cognition, and socio-
environmental measures. Using cumulative logit models, we assessed adjusted relative effects of
prenatal, early life, and adult factors on mid- to late-life cognition.

Results: Most prenatal factors were associated with mid- to late-life cognition in the unadjusted
models. However, when childhood and adult factors were sequentially added to the models, the
impact of prenatal factors showed successive attenuation in effect size, and became insignifi-
cant. In contrast, early life factors remained significantly associated with mid- to late-life cogni-
tion even after full life-course adjustments. Specifically, those whose fathers had laborer vs
professional occupations (odds ratio [OR]Laborer 1.74; 95% confidence interval [CI]: 1.25–2.42)
had poorer cognitive outcomes, while individuals who drank milk daily in childhood (OR 0.65; 95%
CI: 0.54–0.80), had more years of education (OR10–12 years 0.60; 95% CI: 0.45–0.81; OR13� yrs

0.29; 95% CI: 0.23–0.38), and were taller adults (ORheight � SD 0.65; 95% CI: 0.49–0.86) had
better cognition. The high prenatal risk infants had similar patterns with a trend toward a stronger
association between cognition and socioenvironmental factors.

Conclusion: Mid- to late-life cognition is influenced by factors over the entire lifespan with the
greatest impact coming from early life exposures. Nutrition, education, social, and family
environment in early life may have a long-term impact on cognition in developing countries.
Neurology® 2009;73:186 –194

GLOSSARY
CI � confidence interval; HDL � high-density lipoprotein; LDL � low-density lipoprotein; OR � odds ratio; PUMCH � Peking
Union Medical College Hospital; WAIS-R � Wechsler Adult Intelligence Scale–Revised; WISC-R � Wechsler Intelligence
Scale for Children–Revised.

Numerous epidemiologic studies have reported that negative conditions in utero are asso-
ciated with poorer adult life outcomes, including chronic disease and lower cognitive
function.1-12 However, several recent studies have shown that early life postnatal exposures
may have greater bearing on adult health compared with prenatal factors.4-7 Larger birth-
weight, the most widely researched birth size measure, was associated with better cognitive
function from infancy through the third decade of life in geographically defined popula-
tions of several countries.3,7-12 However, the impact of birthweight has not been shown to
persist after age 40.8 Birth head circumference has shown a similar pattern to birthweight,
such that associations observed in young cohorts were not replicated in an older British
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sample, aged 48–74.13 Research with follow-
up through mid- to late life has been sparse,
but the few studies done suggest the associ-
ation between birthweight and cognition
may diminish as individuals reach middle
age.8,13 However, these studies had varying
adjustments for prenatal and postnatal fac-
tors and limited growth measures. We in-
vestigated the combined effect of birth size,
early life factors, and adult factors on mid-
to late-life cognition in a large, retrospec-
tive birth cohort study in Beijing, China.

METHODS Study design and population. We con-
ducted a birth cohort study on individuals born during 1921–
1954 at Peking Union Medical College Hospital (PUMCH)
in Beijing, China. Established in 1921 by the Rockefeller
Foundation, PUMCH has operated continuously under an
American medical model except for 5 years of closure for
World War II (1942–1947). The hospital serves a wide socio-
economic spectrum but higher on-average than the Chinese
general population.14 During the periods 1921–1941 and
1948 –1954, a total of 11,694 Chinese neonates were born in
PUMCH. Using actuarial census projections, we estimated
there would be about 6,570 survivors at the time of the
planned assessment. Based on a pilot study in 1995–1996, we
estimated that about 2,990 individuals would be successfully
traced and that about 86% of these individuals would agree to
participate in the study. In 2003–2005, we actually traced
2,503 subjects through community registries and media an-
nouncements. Among traced subjects, 418 did not participate
due to refusal (n � 78), being deceased (n � 175), or residing
outside Beijing (n � 165). Individuals could not be traced for
multiple reasons. First, community registries, such as the Bei-
jing population registry, delete individuals when they die or
move from the area. Second, some individuals traced using
the community registry were not the individuals identified in
the medical records. Based on our pilot study and the great
migration due to China’s domestic policy during the lifetime
of this cohort, the loss to follow-up is likely due primarily to
mortality and migration to other parts of the country or to
other countries, with a smaller number due to birth record
errors. Of the 2,085 individuals who were traced and agreed
to participate, 2,062 had complete cognitive examinations,
and 1,956 had no missing data and were used in the analyses.

Standard protocol approvals, registrations, and patient
consents. We received approval from the PUMCH Ethics
Committee on human experimentation. Written informed
consent was obtained from all study participants.

Measurements. All participants were examined at PUMCH
from September 2003 to March 2005, when they were ages 50
to 82, and were followed up for missing data until March 2006.
The PUMCH team of neurologists, physicians, nurses, and
trained technicians performed all assessments. The cognitive
tests were administered by neurologists. The battery was com-
prised of the Fuld Object Memory Evaluation (0–20 points),15

Fuld Verbal Fluency, Wechsler Intelligence Scale for Children–
Revised Block Design (0–62 points), and WAIS-R Digit Span
(0–22 points).14,16

We abstracted birth records, including gender and informa-
tion related to birth size (i.e., birthweight, birth height, head
circumference, gestational age, placental weight), and early life
family conditions (i.e., birth order, maternal age, father’s occu-
pation); ponderal index was calculated as birthweight divided by
birth length.3 Information on early life environment from child-
hood through early adulthood were obtained by questionnaire,
including education and nutrition (i.e., daily childhood milk
drinking, shortage of food during childhood, which was defined
as being hungry due to lack of sufficient food for at least 6
months per year for at least 2 years during childhood). Measure-
ment of height was obtained as an estimate of height in early
adulthood.

Adult factors that were collected by in-person interviews
were current alcohol consumption, current cigarette smoking,
recreational activities �1/week after age 50 years (i.e., playing
cards, traveling, and other activities), and physical activities �1/
week after age 25 (i.e., running or swimming). To estimate the
presence of selected health conditions, serum levels of triglycer-
ides, high-density lipoprotein cholesterol, low-density lipopro-
tein cholesterol, and plasma concentrations of glucose (FPG)
were assessed following a 12-hour overnight fast. Participants
without a history of diabetes received a 75 g oral-glucose load,
and after 2 hours, plasma glucose (PBG) was measured. Diagno-
sis of diabetes was made for FPG �126 mg/dL, PBG �200
mg/dL, or diabetic history or medication.2 Dyslipidemia was de-
fined by the International Diabetes Federation definition.17

Medical records were reviewed to identify a history of stroke. In
addition, all participants had a CT scan. Those with evidence of
a previously undocumented stroke on CT using World Health
Organization criteria18 were evaluated further with an MRI.
Waist circumference and blood pressure measures followed stan-
dard protocols. Hypertension was defined as the presence of sys-
tolic blood pressure �140 mm Hg, diastolic blood pressure �90
mm Hg, or a history of hypertension with medication.

Statistical analyses. A cognitive global score was constructed
by summing z-scores of the four cognitive tests. The summed
z-scores were divided into 4 ordinal categories designating the
10th, 42nd, and 90th percentiles. Cronbach’s alpha was 0.66,
indicating that the global score adequately summarized the indi-
vidual test scores. Independent variables were selected a priori on
the basis of postulated causal mechanisms and prior research,
and were grouped as prenatal factors related to birth size, early
life factors, and adulthood factors. Categories for each variable
were formed using established cutpoints or gender-specific SD
within the study population. The clinically normal/intermediate
range was used as the reference group.

We compared cohort characteristics using �2 tests for pro-
portions and t tests for means. To assess prenatal and postnatal
influences on mid- to late-life cognition, we constructed 5 suc-
cessive classes of cumulative logit models19 that represent proba-
bilities cumulated over the lower-ordered category values. Model I
estimated unadjusted (crude) associations of individual factors with
cognition. Model II adjusted for prenatal factors only. Model III
included both prenatal and early life factors. Model IV examined
the full life course (i.e., prenatal, early life, and adult periods). We
also tested interactions between each prenatal factor with all other
life-course variables, and 2-way interactions for age- and gender-
specific effects for prenatal and early life factors by forward stepwise
selection from the full life-course model, setting p � 0.05 as the level
for retention (model V). To identify postnatal factors operating at
the highest level of prenatal risk, we first estimated each participant’s
risk of low cognition adjusted for prenatal factors alone, i.e., using a
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prenatal risk score based on coefficients from model II. Persons in
the highest quintile of risk (n � 419) were then selected for further
cumulative logit analysis.

Several sensitivity analyses to determine whether alternative as-
sumptions or procedures affected results were conducted. Highly
correlated factors were either dropped (e.g., body mass index related
to serum levels of cholesterol and waist circumference) or combined
into indices (i.e., ponderal index replaced birthweight and birth
height), and only factors with phi coefficients �0.50 remained in
the final models. Because large numbers of independent variables
could change the statistical properties of estimated odds ratios (OR),
we further reduced the number of adulthood factors, through an
adjusted adult cumulative logit model, setting p � 0.05 as the sig-
nificance level for retention. Thus, adult factors removed from the
final adjusted full life-course model were cigarette smoking, dyslipi-
demia, physical activities, and hypertension, although the last 2 fac-
tors showed significant association with cognition in the unadjusted
model.

RESULTS Table 1 shows the characteristics at birth
for the PUMCH’s source population of Chinese ne-
onates (n � 11,694). Although participants (n �
2,062) differed on most birth factors compared to
the nonenrolled source population (n � 9,632) or
traced decedents (n � 175), they do not differ from
traced survivors who did not complete examinations

(n � 266). The distributions of the cognitive sub-
scales and global scores and exposures in adulthood
are summarized in table 2, and prenatal measures and
early life conditions are summarized in table 3.

Prenatal effects. Of the 4 measures at birth, head cir-
cumference, small ponderal index, and small placental
weight showed significant crude associations with mid-
to late-life cognition (table 3, model I). Gestational age
was not associated with lower cognition in mid- to late
life (�36 weeks’ gestation, OR � 1.18, 95% confi-
dence interval [CI] � 0.77–1.80; �42 weeks, OR �

1.35, 95% CI � 1.03–1.78; overall p � 0.08). After
adjusting for the 4 prenatal factors, the effects of small
ponderal index (p � 0.18) and small placental weight
(p � 0.12) were attenuated and became nonsignificant
(model II not shown in table 3). When we controlled
for prenatal and early life factors (table 3, model III) and
then for full life-course variables (table 4, model IV), the
effect size for large head circumference progressively di-
minished until it was no longer significant.

Early life effects. All postnatal early life measures
showed significant crude associations with cognitive

Table 1 Characteristics of the participants at birth by tracing and enrollment status in a Chinese
1921–1954 birth cohort

Characteristics
at birth

Total cohort (n � 11,694) Traced, not enrolled (n � 441)

p Value, enrolled
vs traced alive

Enrolled*
(n � 2,062)

Not enrolled
(n � 9,632)

Alive
(n � 266)

Died
(n � 175)

Men, n (%) 1,051 (51.0) 4,675 (48.5) 129 (48.5) 82 (46.9) 0.45

Gestational age,
wk, n (%)

<36 79 (3.9) 524 (5.6) 9 (3.4) 9 (5.2)

36–41 1,768 (86.5) 7,789 (82.6) 228 (86.4) 148 (86.1)

>42 197 (9.6) 1,116 (11.8) 27 (10.2) 15 (8.7) 0.90

Birthweight, g,
mean (SD)

3,109.6 (459.4) 3,027.2 (490.3) 3,133.9 (439.0) 2,945.5 (536.7)

Range 1,270–5,330 500–5,350 1,505–4,420 900–4,110 0.41

Birth height, cm,
mean (SD)

49.4 (2.5) 49.1 (2.8) 49.6 (2.6) 48.9 (2.9)

Range 34–63 30–61 41–60 40–56 0.31

Head
circumference,
cm, mean (SD)

31.6 (1.7) 31.4 (1.7) 31.6 (1.6) 31.0 (1.9)

Range 20.0–44.0 20–43 27.8–43.0 22.3–33.5 1.00

Placental weight,
g, mean (SD)

541.9 (118.1) 539.4 (119.4) 557.8 (139.2) 537.4 (137.3)

Range 250–1,360 142–1,460 331–1,360 255–1,120 0.08

Birth order, mean
(SD)

2.6 (1.9) 2.4 (1.9) 2.6 (1.7) 2.9 (2.3)

Range 1–13 1–13 1–11 1–12 0.82

Maternal age, y,
mean (SD)

27.6 (5.6) 27.0 (5.8) 27.6 (5.3) 27.4 (5.9)

Range 14–48 13–50 17–42 15–44 0.92

*Enrollment for this study includes all persons who consented to participate and completed 4 cognitive tests.
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function in mid- to late-life (table 3, model I). In the
model that included factors throughout the lifespan,
all early life variables remained significant except for
birth order, maternal age at birth, and short food
supplement, and were independent of the various
birth size measures or adult exposures (i.e., age, recre-
ational activities, alcohol consumption, diabetes,
stroke, and waist circumference) (table 4, model IV).
Model IV in table 4 shows that poorer cognitive out-
come was related to fathers being laborers vs being in
professional occupations; higher cognitive scores
were associated with daily childhood milk drinking,
higher education, and taller adults. The only signifi-
cant interaction was for age and father’s occupation,
which showed that among the older participants (i.e.,
born prior to 1949, ages 62–82 years), cognition was
lower when fathers were laborers compared to profes-
sionals, and reversed among younger participants (ta-
ble 4, model V).

Adulthood effects. Participation in recreational ac-
tivities at least once a week after age 50 was associ-
ated with a lower risk of poor cognitive outcome,
while the presence of diabetes, stroke, and adult
central obesity was associated with a greater likeli-

hood of low cognitive scores in middle to late
adulthood (table 4, model IV). Because stroke im-
pairs cognition, we reanalyzed the full life-course
model excluding persons with stroke (n � 125),
and the findings remained essentially unchanged
(results not shown).

High prenatal risk subgroup. Birth size factors did not
have a noticeable influence on mid- to late-life cogni-
tion in the high prenatal risk subgroup (n � 419),
although infants with small ponderal index com-
prised a larger portion of this subgroup compared to
the overall group (32.9% vs 8.1%), as did those with
small head circumference (59.4% vs 13.3%). On the
other hand, we observed that compared with the ref-
erence group, better mid- to late-life cognition
among the high prenatal risk individuals was associ-
ated with drinking milk daily during childhood
(OR � 0.56, 95% CI � 0.36–0.88) and higher
education (OReducation 10–12 years � 0.39, 95% CI �
0.20–0.76; OReducation �13 years � 0.24, 95% CI �
0.14 – 0.42). Lower cognition was associated with
being shorter in adulthood (OR � 1.79, 95% CI �
1.02–3.15) and having a father with a nonprofes-
sional occupation (ORLaborer � 2.29, 95% CI �

Table 2 Adult characteristics of the participants by midlife to late life cognitive function

Characteristics in adulthood

Cognitive function

Low
(n � 206)

Average
(n � 660)

High
(n � 990)

Superior
(n � 206)

Fuld object memory score 15.2 (3.0) 17.0 (1.6) 18.0 (1.4) 19.3 (1.0)

Fuld verbal fluency score 38.2 (9.2) 46.8 (7.1) 51.9 (6.7) 58.9 (7.5)

Block design WISC-R score 28.2 (9.9) 42.5 (6.4) 53.5 (5.1) 59.4 (3.2)

Digit span WAIS-R score 11.2 (2.3) 12.8 (1.7) 14.3 (1.9) 15.8 (2.6)

Global z-score �7.8 (3.9) �2.3 (1.3) 2.0 (1.2) 5.3 (0.9)

Age, n %

50–58 y 52 (4.7) 308 (28.0) 587 (53.3) 154 (14.0)

62–82 y 154 (16.0) 352 (36.6) 403 (41.9) 52 (5.4)

Recreational activities > once/week
after age 50, n %

17 (8.3) 60 (9.9) 118 (11.9) 30 (14.6)

Physical activities > once/week
after age 25, n %

39 (18.9) 163 (26.9) 287 (29.0) 54 (26.2)

Current alcohol consumption, n % 40 (19.4) 150 (24.8) 275 (27.8) 60 (29.1)

Current cigarette smoking, n % 70 (34.0) 194 (32.0) 280 (28.3) 66 (32.0)

Hypertension, n % 125 (60.7) 371 (61.2) 505 (51.0) 93 (45.1)

Diabetes, n % 52 (25.2) 154 (25.4) 141 (14.2) 18 (8.7)

Stroke, n % 37 (18.0) 46 (7.6) 47 (4.8) 5 (2.4)

HDL cholesterol, mg/dL, mean (SD) 53.1 (13.5) 55.6 (14.5) 56.8 (15.1) 57.3 (17.1)

LDL cholesterol, mg/dL, mean (SD) 137.2 (35.4) 138.4 (36.1) 140.7 (34.5) 143.1 (39.6)

Triglyceride, mg/dL, mean (SD) 190.2 (394.1) 154.7 (109.6) 148.9 (102.2) 151.5 (88.4)

Adult waist circumstance, cm, mean (SD) 89.9 (11.9) 89.5 (11.0) 88.3 (10.5) 87.4 (10.0)

Physical activities: running or swimming; recreational activities: cards playing or traveling or other public activities.
WISC-R � Wechsler Intelligence Scale for Children–Revised; WAIS-R � Wechsler Adult Intelligence Scale–Revised; HDL �

high-density lipoprotein; LDL � low-density lipoprotein.
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1.13–4.62; ORAdministrator � 2.41, 95% CI � 1.44–
4.04; ORService � 1.77, 95% CI � 1.06–2.96). There
was a trend toward early life factors having a stronger
effect on mid- to late-life cognition in the high pre-
natal risk group compared with the full sample.

DISCUSSION We found that early life and adult-
hood factors have a greater effect on cognitive func-
tion in 50- to 82-year-old individuals than do
prenatal measures related to birth size. A few other
studies have suggested that factors during infancy

Table 3 Cumulative logit regression models for the association of lower cognition in midlife to late life with
unadjusted factors (model I) and for prenatal combined with early life factors (model III)

No. of
participants

Model I: unadjusted models
Model III: adjusted prenatal and
early life model (n � 1,956)

p Value OR (95% CI) p Value OR (95% CI)

Head circumference, cm
(vs intermediate)

1,443 �0.001 0.02

Small (<1 SD) 271 1.40 (1.09–1.78) 1.21 (0.94–1.57)

Large (>1 SD) 317 0.67 (0.53–0.86) 0.76 (0.60–0.98)

Ponderal index, kg/m3

(vs intermediate)
1,704 0.02 0.30

Small (<1 SD) 164 1.53 (1.13–2.06) 1.26 (0.92–1.73)

Large (>1 SD) 167 1.03 (0.77–1.39) 1.12 (0.82–1.54)

Placental weight, g (vs
intermediate)

1,580 0.01 0.24

Small (<1 SD) 220 1.36 (1.04–1.78) 1.16 (0.87–1.53)

Large (>1 SD) 256 0.81 (0.62–1.04) 0.84 (0.64–1.10)

Birth order (vs 1) 825 0.01 0.12

2–4 928 1.26 (1.06–1.51) 1.23 (1.01–1.49)

>5 308 1.34 (1.05–1.71) 1.11 (0.83–1.49)

Maternal age at birth, y
(vs 21–34)

1,673 �0.001 0.45

<21 183 2.76 (2.04–3.74) 1.14 (0.84–1.56)

>35 203 0.74 (0.61–0.90) 1.17 (0.85–1.61)

Father’s occupation at
birth (vs professional)

854 �0.001 �0.001

Laborer 177 2.76 (2.04–3.74) 1.70 (1.22–2.35)

Administrator 624 0.74 (0.61–0.90) 0.78 (0.63–0.95)

Service 390 1.81 (1.44–2.26) 1.36 (1.07–1.73)

Milk drinking daily,
childhood (vs no)

1,475 �0.001 �0.001

Yes 566 0.53 (0.44–0.64) 0.64 (0.53–0.78)

Short food supplement,
childhood (vs <2 y)

1,834 0.04 0.25

>2 y 210 1.33 (1.02–1.73) 1.25 (0.94–1.65)

Adult height, m
(vs intermediate)

1,626 �0.001 �0.001

Shorter (<1 SD) 189 2.42 (1.82–3.20) 1.73 (1.29–2.33)

Taller (>1 SD) 247 0.50 (0.38–0.65) 0.60 (0.45–0.79)

Education, y (vs 0–9) 333 �0.001 �0.001

10–12 338 0.62 (0.47–0.83) 0.67 (0.50–0.90)

>13 1,391 0.28 (0.23–0.36) 0.35 (0.27–0.45)

Head circumference: 30.21–33.56 cm for men/29.74–33.00 cm for women as intermediate; ponderal index (birth weight/
length3): 22.09–29.38 for men/22.26–29.67 for women as intermediate; placental weight: 429.89–670.01 g for men/
418.56–649.90 g for women as intermediate; adult height: 1.62–1.77 m for men/1.51–1.65 m for women as intermediate; out
of the range as small or as large. Short food supplement in childhood defined as hungry for 6 months per year and lasting �2
years vs �2 years. Model II described in Results, but model results not shown in table 3. Model III also adjusted for gender,
gestational age, and prenatal and early life factors. Model Pearson goodness-of-fit �2 � 278.36, p � 0.5996 for model II;
Pearson goodness of fit �2 � 3436.55, p � 0.9978 for model III. Variables in the table include an essential set.
OR � odds ratio; CI � confidence interval.
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and early childhood are more important than growth
in utero in determining cognitive function up until
middle adult life.4-7 Our findings extend those of pre-
vious studies by assessing individuals into their 80s
and also adjusting for multiple potentially influential
factors throughout the lifespan. We conducted post

hoc analyses using partial correlation coefficients to
assess the interrelationship between adult factors
(e.g., diabetes, stroke) and father’s occupation or
childhood milk drinking patterns. The partial corre-
lations were small, typically similar to the non-partial
correlations, and not significant, thus providing ad-

Table 4 Cumulative logit models for the association of lower cognition in midlife to late life adjusted for full
life course factors (model IV) with interaction (model V)

Model IV: adjusted full life course
model (n � 1,956)

Model V: adjusted full life course
model with interaction (n � 1,956)

p Value OR (95% CI) p Value OR (95% CI)

Head circumference, cm (vs
intermediate)

0.32 0.32

Small (<1 SD) 1.05 (0.81–1.37) 1.06 (0.82–1.38)

Large (>1 SD) 0.83 (0.65–1.07) 0.84 (0.65–1.08)

Father’s occupation at birth (vs
professional)

0.006 �0.001

Laborer 1.75 (1.25–2.43)

Administrator 1.01 (0.82–1.26)

Service 1.24 (0.97–1.58)

Milk drinking daily, childhood (vs no) �0.001 �0.001

Yes 0.65 (0.54–0.80) 0.66 (0.54–0.80)

Adult height, m (vs intermediate) 0.002 0.001

Shorter (<1 SD) 1.31 (0.96–1.77) 1.28 (0.94–1.74)

Taller (>1 SD) 0.66 (0.50–0.87) 0.64 (0.48–0.84)

Education, y (vs 0–9) �0.001 �0.001

10–12 0.60 (0.45–0.81) 0.58 (0.43–0.78)

>13 0.29 (0.23–0.38) 0.29 (0.23–0.38)

Age, y (vs 50–58) �0.001 0.006

62–82 2.05 (1.66–2.52)

Recreational activities, age >50 y (vs no) 0.03 0.03

Yes 0.73 (0.55–0.97) 0.73 (0.55–0.97)

Diabetes (vs no) 0.005 0.003

Yes 1.39 (1.11–1.75) 1.41 (1.12–1.77)

Stroke (vs no) �0.001 �0.001

Yes 1.85 (1.30–2.63) 1.85 (1.30–2.64)

Adult central obesity (vs no) �0.001 0.001

Yes 1.51 (1.18–1.92) 1.50 (1.18–1.91)

Father’s occupation � age62–82 0.004

Laborer � age62–82 0.001 2.93 (1.54–5.56)

Professional � age62–82 0.001 0.35 (0.22–0.54)

Father’s occupation �age50–58 0.004

Laborer � age50–58 0.001 0.34 (0.18–0.65)

Professional� age 50–58 0.001 2.93 (1.54–5.56)

Some definitions are stated in table 3 legend. Waist circumference �1 SD: waist �102 cm for men, �98 cm for women.
Models IV and V were adjusted for all confounders including prenatal factors (gender, ponderal index, head circumference,
placental weight, maternal age), early life factors (birth order, gestational age, father’s job, milk drinking daily in childhood,
short food supplement in childhood, educational attainment, adult height), and adult measurements (age, recreational activ-
ities, alcohol consumption, diabetes, stroke, and waist circumference). Not all of the variables in the models are shown in the
table. Model Pearson goodness-of-fit: �2 � 4747.23, p � 0.9980 for model IV; Pearson goodness-of-fit: �2 � 4731.76, p �

0.9987 for model V.
OR � odds ratio; CI � confidence interval.
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ditional support for the independent contribution of
early childhood and adult factors on cognition.

Overall, father’s occupation was influential in
mid- to late-life cognition, but we found the effect
differed based on the individual’s age. Father’s occu-
pation has a broad effect on the social environment
in many cultures, including China’s. In our study,
older and younger age groups reflected different co-
hort experiences pre- and post-1949, when the Peo-
ple’s Republic of China was founded. Older
members of the cohort were born in the Republic of
China, a period with pronounced social class differ-
ences in living conditions. In this older cohort, we
found that participants whose fathers worked as la-
borers, compared with professionals, had signifi-
cantly lower cognition in mid- to late life, a social
class association that has been previously noted, but
mainly for childhood cognitive outcomes.3,7,8 In
comparison, among younger cohort members born
after 1949, we found that those with professional
class fathers had an enhanced risk of lower cognitive
function. The events that happened in contemporary
Chinese history could help us interpret the seemingly
counterintuitive findings. When the radical revolution
led by a party who claimed that they represented the
interest of the labor class was introduced after 1949, the
scope was broad enough to affect every individual’s life.
One major goal of the revolution was not only to elimi-
nate privileges, but also downgrade the role of selected
social classes (e.g., intellectuals) and elevate living stan-
dards and social status for the labor classes. Our findings
suggest that the impact of social class on cognition
needs to be interpreted within a particular social and
historical context.

Nutrition is thought to have its greatest effect on
brain development during periods of rapid growth
known as growth spurts,20 which occur at specific
time points spanning the prenatal to adolescent peri-
ods in different areas of the brain. Some research has
reported an association between breastfeeding as a
marker of early childhood nutrition and childhood
cognition, but little has been studied on the link be-
tween post-infancy childhood diet and mid- to late-
life cognition.21-22 Our analyses demonstrated the
association between daily milk drinking and cogni-
tion later in life, independent of other factors across
the life course.

Even with adjustments for many other variables,
we cannot rule out the possibility that daily milk
drinking in childhood may be a proxy for childhood
health and enriched environment. It may suggest
that in populations with traditional rice-based diets
and insufficient nutrition, as in Beijing from the
1920s to 1950s, milk may have been an important
supplement providing essential nutrients that en-

hanced cognitive development. On the other hand, we
found that childhood malnutrition due to a shortage of
food in childhood did not appear to influence risk of
lower cognition in mid- to late-life in the fully adjusted
model. We further examined whether collinearity be-
tween childhood malnutrition and short adult stature
explained the lack of an association between a shortage
of food in childhood and lower mid- to late-life cogni-
tion, but the results did not support this explanation.
Some studies have shown that early to middle adult-
hood smaller height is related to increased dementia
prevalence, consistent with the protective effect we ob-
served for mid- to late-life cognition.8,23 Our study sug-
gests that early life nutrition may have a long-lasting
effect across the lifespan.

Our findings showed a trend toward a stronger
association between early life factors and cognition
among the high prenatal risk group. With respect to
preventing poor long-term cognitive outcomes, con-
trolling risk factors especially beginning in early post-
natal life may supersede and compensate for fetal
vulnerabilities such as small birth size.

Strengths of this study include the relatively large
sample with a comparatively long follow-up period
compared to previous research on this topic. We also
were able to assess the influence of numerous vari-
ables from different dimensions of social status, life-
style factors, and health across developmental
periods, including details of birth measures from
medical records. In addition, our study provides a
unique opportunity to examine the impact of a natu-
rally occurring socioeconomic experiment. Specifi-
cally, the 8 decades that span the duration of the
study correspond to great social and economic
change within China. For example, the establish-
ment of the People’s Republic of China in 1949 sig-
nified major changes in social classifications of
Chinese citizens. In addition, prior to and following
1949, citizens experienced 2 widespread famines that
likely led to malnutrition. Because participants were
in their early life years between the 1920s and 1960s,
this sample provides a unique setting for investigat-
ing the impact of major socio-historical events within
China’s history on cognition in mid- to late-life.

Limitations of our study are that we were not able
to locate and assess all individuals born at PUMCH
during 1921–1954. The participation rate for those
who were traced and alive was 89% and among per-
sons we traced, no differences in birth measures were
observed between participants and living nonpartici-
pants who had moved or refused. Even so, it is possi-
ble that our findings would not apply to individuals
who survived to midlife, but died prior to this study
or could not be located. Although our sample is not
population-based, the PUMCH cohort encompasses
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a broad socioeconomic spectrum of China from indi-
gent to wealthy, except for peasant farmers. Distribu-
tions of birth measurements were similar to the
Chinese general population of the time and adult
cognitive scores are comparable to contemporary
Western normative samples. Consequently, our find-
ings for prenatal factors may generalize, but first war-
rant replication in other populations. Another
possible limitation of this study is the reliance on
retrospective recall for some of the early life and
midlife factors. Although this methodology is com-
monly used by studies that assess factors throughout
the lifespan, it is subject to recall error and potential
bias. One might predict if recall error was an issue
that its effect would be similar for related informa-
tion. For example, if recall error resulted in those
with low cognitive scores being less likely to endorse
daily milk drinking during childhood, then one
might also expect this group to less frequently en-
dorse food shortages during childhood. Our data do
not show this pattern, suggesting that selective recall
error does not explain our results.

Our findings suggest that cognition in mid- to
late-life is impacted by the cumulative effect of nutri-
tion, education, social, and family environment in
early life and midlife. Prenatal measures reflecting
birth size had little effect on cognition once factors
throughout the lifespan were considered.
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